



Comparative analysis of several digital methods to recognize diatoms









In	 this	 paper,	 several	methods	are	presented	and	 compared	 in	 order	 to	 choose	 the	 best	 digital	 algorithm	 to	 recognize	
the	diatoms	species.	A	digital	system	of	 invariant	correlation	to	position	and	rotation	is	constructed.	Based	in	a	binary	
ring	mask	an	average	signature	 filter	 for	a	selected	 image	 is	produced	 in	 four	different	ways	and	compared	with	vari-	
ance	spectrum	modified	methodology	using	 four	different	ways	 too.	 It	 is	conclusive	 that	 the	best	methodology	 for	 this	




is	 that	an	entire	process	can	be	 repeated	 in	 the	same	way	without	mistakes	and	 the	diatoms	 images	are	kept	save	 in	




En	 este	 artículo,	 se	 presentan	 y	 se	 comparan	 varios	 métodos	 para	 escoger	 el	 mejor	 algoritmo	 digital	 para	 reconocer	
especies	 de	 diatomeas.	 Se	 propone	 un	 sistema	 digital	 de	 correlación	 invariante	 a	 posición	 y	 rotación	 el	 cual	 está	
basado	 en	 una	 mascarilla	 binaria	 con	 cuatro	 diferentes	 caminos	 a	 seguir	 que	 produce	 una	 firma	 promedio	 para	 una	
cierta	 imagen	 seleccionada.	 Estos	 cuatro	 diferentes	 modos	 de	 correlación	 se	 comparan	 con	 una	 nueva	 metodología	
de	 espectro	 de	 varianza	 modificada	 que	 también	 utiliza	 cuatro	 maneras	 distintas	 de	 correlación.	 Es	 concluyente	
que	 los	 mejores	 resultados	 corresponden	 al	 método	 que	 utiliza	 la	 máscara	 binaria	 con	 una	 firma	 promedio	 de	 10	
imágenes	 rotadas	 y	 el	 uso	 de	 un	 filtro	 no	 lineal	 y	 sin	 realce	 del	 contenido	 de	 frecuencias	 del	 espectro	 de	 variancia	
de	la	imagen	de	entrada.	El	nivel	de	confianza	para	este	caso	fue	de	100%.	El	segundo	mejor	caso,	con	el	mismo	nivel	
de	 confianza,	 fue	 para	 el	 filtro	 promedio	 de	 18	 imágenes	 rotadas,	 siendo	 la	 diferencia	 en	 tiempo	 de	 cómputo	 de	 más	
de	 un	 minuto.	 Una	 de	 las	 ventajas	 de	 esta	 clase	 de	 metodologías	 es	 que	 un	 proceso	 completo	 puede	 ser	 repetido	




Microscopy	 is	 the	 principal	 method	 used	 to	 identify	 and	 count	
phytoplankton.	 Microscopical	 counts	 have	 been	 used	 to	 describe	
phytoplankton	 communities	 and	 their	 spatial	 and	 temporal	 distri-	
bution	 patterns,	 and	 have	 also	 been	 used	 to	 convert	 phytoplank-	
ton	 numbers	 to	 biomass	 or	 energy	 (e.	 g.	 in	 terms	 of	 organic	 car-	
bon	 or	 calories,	 respectively)	 (Pech-Pacheco	 &	 Álvarez-Borrego,	
1998).	 However,	 microscopical	 examination	 entails	 considerable	
time	 and	 labor	 for	 the	 processing	 of	 a	 large	 number	 of	 samples	
(Furuya,	 1982);	 moreover,	 mistakes	 are	 easily	 made.	 Methods	
enabling	 the	 rapid	 identification	 and	 quantification	 of	 organisms	
in	 a	 phytoplankton	 sample	 are	 needed.	 Since	 40	 years	 ago,	 Dr.	
Silverio	 Almeida’s	 group	 applied	 for	 the	 first	 time	 optical	 system	




detail	 the	 problems	 that	 are	 encountered	 during	 the	 recognition	
process,	 such	 as	 the	 invariance	 in	 the	 localization	 of	 the	 organ-	
isms	within	 the	 image,	 the	 rotation	and	 the	different	scale	of	 the	
organisms,	 the	 background	 noise	 problem	 generated	 by	 bodies	
foreign	 to	 the	 organisms	 that	 are	 found	 in	 an	 image	 (detritus,	
inorganic	 particles,	 etc.),	 and	 the	 morphological	 variation	 of	 the	
species,	 among	 others,	 which	 in	 one	 way	 or	 another	 modify	 the	
frequencies	 information	 that	 form	 the	 image,	 generating	 errone-	
ous	identifications.
Circular	harmonic	filters	have	been	applied	to	identify	plank-	
ton.	 With	 this	 kind	 of	 filters	 the	 rotation	 of	 the	 organisms	 in	 the	
sample	 is	 solved.	 The	 advantages	 of	 these	 filters	 are	 numerous.	
First,	 the	 correlation	 plane	 is	 invariant	 to	 rotation,	 and	 second	
there	 are	 a	 great	 number	 of	 theoretical	 studies	 that	 have	 proved	
their	 sensitivity	 to	 noise	 (Zavala-Hamz	 &	 Álvarez-Borrego,	 1997).	
The	disadvantage	is	that	they	lose	their	power	of	discrimination	if	
the	expansion	center,	 or	proper	 center,	 is	not	previously	 selected	
and	 moreover	 excessive	 computer	 time	 is	 used	 in	 all	 the	 proce-	
dure.
An	 optical	 system	 invariant	 to	 position,	 rotation	 and	 scale	
was	 applied	 to	 identify	 five	 phytoplankton	 species	 of	 the	 Cera- 
tium	 genus	 (family	 Ceratiidae)	 (Pech-Pacheco	 &	 Álvarez-Bor-	
rego,	1998).	To	 recognize	 the	organisms,	 they	used	 the	 frequency	
content	 of	 the	 images	 like	 start	 point	 (Zavala-Hamz	 et al.,	 1996;	
Pech-Pacheco	 et al.,	 1999).	 Pech-Pacheco	 et al.,	 (1999)	 could	 to	
identify	 Ceratium furca	 Lemmermann	 images	 with	 detritus,	 air-	




and	 a	 numerical	 simulation	 was	 performed	 in	 order	 to	 correlate	
diatom	fossils	species	with	phase-only	filters	(Villalobos-Flores	et 
al.,	2001).	Each	fragmented	image	was	compared	with	its	original	
image	and	other	 fragments	 in	order	 to	 find	 the	minimum	informa-	
tion	required	for	the	identification	of	the	species.
Diatoms	are	one	of	the	basic	sources	for	the	formation	of	or-	
ganic	 matter	 in	 the	 ocean,	 and	 actively	 participate	 in	 sedimenta-	
tion,	not	only	during	recent	periods	of	time	but	through	the	remote	
past.	The	presence	of	diatom	valves	 in	marine	paleoenvironments	
has	 been	 used	 for	 the	 study	 of	 climatic	 changes	 as	 well	 as	 geo-	
morphological	 process	 (Hajós,	 1976;	 Koizumi	 &	 Tanimura,	 1985).	
One	 of	 the	 most	 important	 features	 for	 the	 recognition	 of	 diatom	
species	 as	 paleoenvironment	 and	 paleoclimatic	 indicators	 is	 the	
high	 correlation	 between	 the	 groups	 of	 diatoms	 and	 their	 eco-	
physiological	behaviour,	 this	permit	 to	associate	the	species	with	
diverse	geological	and	hydrodynamic	features.
The	 identification	 of	 diatom	 fossils	 requires	 the	 analysis	 of	
a	 great	 number	 of	 valves	 per	 sample.	 Generally,	 to	 obtain	 rela-	
tive	 abundances	 and	 diversity	 indexes,	 diatom	 counts	 must	 go	
from	 400	 to	 107	 structures	 per	 gram	 (Esparza-Álvarez,	 1995).	 The	
analysis	 of	 these	 samples	 requires	 a	 great	 amount	 of	 time	 and	
experience	 and,	 on	 the	 other	 hand,	 the	 samples	 analyzed	 fre-	
quently	contain	material	with	different	fragmentation	degrees	and	
this	 can	 lead	 to	 confusion	 and	 loss	 of	 information.	 Therefore,	 it	
is	 necessary	 the	 development	 of	 new	 techniques	 to	 facilitate	 the	
species	recognition.
In	 this	 paper,	 several	 methods	 are	 presented	 and	 compared	
in	order	 to	choose	an	efficient	algorithm	according	with	 the	 level	




fornia.	 This	 is	 localized	 to	 the	 northwest	 to	 Cabo	 San	 Lázaro	 to	
25o	10’	N	of	latitude	and	112o	45’	W	of	longitude.	The	Cuenca	has	
a	 deep	 of	 about	 540	 m.	 These	 samples	 were	 taken	 in	 1996	 in	 an	
oceanographic	 ship	 called	 El	 PUMA.	 For	 specific	 details	 of	 the	
characteristics	of	the	samples	see	Esparza-Álvarez,	1999.
computadora	 de	 tal	 manera	 que	 cualquier	 persona	 pueda	 tener	 acceso	 a	 la	 base	 de	 datos	 de	 alguna	 localización	
especial	en	el	océano.
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xz x 	 (2)
where	( yx cc , )	is	the	centred-pixel	of	I	and	y	goes	from	0	to	wide	of	
I,	where	I	is	an	square	image.	Next,	taking	the	vertical	axis	as	the	






rotation	 axis,	 the	 graph	 of	 Z	 is	 rotated	 360°	 to	 obtain	 concentric	
cylinders	of	height	one,	different	widths	and	centered	 in	 ( yx cc , ).	
Finally,	 mapping	 those	 cylinders	 in	 two	 dimensions	 we	 built	 the	
binary	ring	mask	associated	to	image	I.
The	 objective	 is	 identifying	 a	 specific	 target	 (diatom	 to	 rec-	
ognize)	 no	 matter	 the	 angle	 of	 rotation	 presented	 on	 the	 verti-	
cal-axis.	 In	order	 to	have	 invariance	to	position	we	did	 the	binary	
mask	 from	 the	 frequency	 content	 of	 the	 image.	 So,	 the	 mask	 is	
applied	 in	 the	 Fourier	 plane	 for	 sampling	 the	 frequencies	 pattern	
of	 the	 object;	 Figure	 22	 shows	 two	 examples.	 In	 the	 figure	 22(a)	
we	have	 the	 target	or	 the	 image	 to	be	 recognized.	The	 frequency	
content	 (Fourier	 domain)	 is	 obtained	 for	 each	 image	 (Fig.	 22(b)).	
Figs.	10-21.	Fig.	10.	Actinoptychus undulates	(Bailey)	Ralf,	Fig.	11.	Actinoptychus bipunctatus	Lohman,	Fig.	12.	Actinoptychus splendens	(Shad-
bolt)	Ralf	ex	Pritchard,	Fig.	13.	Thalassiosira kozlovii	Makarova,	Fig.	14.	Thalassiosira oestruppi	var.	1,	Fig.	15.	Thalassiosira oestruppi	var.	



















is	 obtained.	 The	 binary	 mask	 of	 concentric	 rings	 is	 built	 (step	 3).	
The	images	rotated	are	given	(step	4).	A	parabolic	mask	is	applied	




signature	of	each	 image	 rotated	 is	obtained	 (step	7)	and	an	aver-	
age	filter	of	the	target	is	calculated	by	aliasing	(step	8). Figures	24	








Rattray	 (specie	A,	 Figs.	1-21)	and	 figure	24b	shows	a	comparison	




For	 making	 the	 average	 signature	 filter	 of	 a	 given	 target,	
a	 complete	 rotation	 of	 360	 deg	 is	 performed	 to	 it	 with	 a	 rotation	
angle	 of	 	 deg;	 hence	 we	 generate	 360/ 	 images.	 Then,	 the	
signatures	of	those	images	are	obtained	to	average	them	to	build	
the	 average	 filter	 of	 the	 target,	 with	 	 =	 20	 deg,	 thus	 the	 av-	
erage	 filter	 is	 constructed	 with	 18	 images.	 Here	 we	 choose	 the	
number	 of	 images	 in	 the	 filter	 making	 this	 work	 more	 flexible	
(Figs.	24-25).





average	 filter	 f	 to	 recognize	 or	 not	 the	 target	 using	 a	 linear	 cor-	
relation,	CL	(in	this	case	a	phase-only	correlation),	that	is
	 C PI F PI f FT FT PI eL f,
1 1 	 (3)
where  means	correlation,	 1i 	and	 f 	 is	 the	phase	of	 the	
Fourier	 transform	 of	 the	 linear	 filter;	 or	 we	 can	 use	 a	 non-linear	





The	 second	 method	 used	 in	 this	 comparison	 was	 described	
by	 Álvarez-Borrego	 and	 Castro-Longoria,	 (2003).	 News	 modifica-	
tions	 to	 this	 algorithm	 are	 presented	 in	 figure	 26.	 The	 variance	
spectrum	 (square	 of	 the	 module	 of	 the	 frequency	 pattern	 of	 the	
image)	 is	 obtained	 (step	 3)	 from	 the	 target	 (diatom	 to	 be	 recog-	
nized)	 (step	 1)	 and	 from	 the	 problem	 image	 (step	 2)	 in	 order	 to	
have	 invariance	 to	position.	A	parabolic	mask	 is	applied	or	not	 to	
each	 variance	 spectrum	 depending	 of	 the	 decision	 if	 we	 want	 to	
enhance	 the	high	 frequencies	 (step	4).	 In	step	5,	a	polar	mapping	
is	 obtained	 in	 order	 to	 have	 the	 invariance	 to	 rotation	 and	 again	
the	 Fourier	 transform	 is	 applied	 in	 order	 to	 have	 the	 frequency	
pattern	of	the	target	and	the	problem	image	(step	6).	In	step	7	we	
decide	 if	 we	 want	 a	 linear	 or	 a	 non-linear	 correlation	 between	
them.	 If	 the	 correlation	 value	 is	 significant,	 hence,	 the	 target	 is	
	
C PI f PI f
FT FT PI e FT f e
NL
k i k iPI f
,
| | | ( )|1
	 (4)
with	 PI 	 being	 the	 phase	 of	 the	 Fourier	 transform	 of	 the	 PI	 and	
10 k 	is	the	non-linearity	factor.	In	this	work	 1.0k .
To	 compute	 the	 correlation,	 the	 average	 filter	 and	 the	 sig-	
nature	 of	 the	 problem	 image	 vectors	 need	 to	 have	 the	 same	
length.	 Because	 of	 the	 use	 of	 different	 ring	 masks	 this	 not	 hap-	
pens	always,	 hence	 zeros	are	adding	 to	 the	 shorter	 length	 vector	
to	match	 the	 length	of	both	 vectors.	 If	 the	maximum	value	of	 the	
magnitude	 for	 the	 correlation	 (step	 14)	 is	 significant,	 hence,	 the	













The	 algorithms	 were	 programming	 in	 Matlab	 7.1	 in	 a	 MacBook	
Pro3,1	 with	 a	 Intel	 Core	 2	 Duo	 processor	 of	 2.4	 GHz,	 memory	 of	
2	GB	667	MHz	DDR2	SDRAM,	L2	Cache	of	4	MB	and	800	MHz	of	
Bus	Speed.
Table	 1	 and	 2	 give	 us	 a	 review	 of	 the	 results	 when	 we	 did	
the	correlation	of	all	 the	21	species	 (Figs.	1-21),	 each	one	versus	
all	of	 them	and	 its	360	 rotated	 images.	First,	 in	Table	1,	we	have	
recognized	in	the	problem	image	(step	8),	otherwise	has	an	image	
different	to	the	target.
Figures	 27	 and	 28	 show	 two	 examples	 when	 the	 variance	
spectrum	 methodology	 is	 applied	 to	 Actinocyclus ingens	 (specie	
A,	Figs.	1-21)	and	Pseudotriceratium cinanomeum	 (specie	M,	Figs.	
1-21).	 The	 spectrum	 variance	 with	 high	 frequencies	 enhanced	 is	
log	 visualized	 in	 figures	 27a	 and	 28a,	 respectively,	 for	 these	 two	
species	 and	 the	 spectrum	 variance	 without	 high	 frequencies	 en-	














species 	 	 f10 	 	 		f18 	 	 			f10 	 	 		f18 	 	 		f10       f18       f10       f18
A 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
B 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
C 100%1. 100%1. 195.4% 195.4% 100% 100% 100% 100%
D 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
E 195.4% 195.4% 100%1. 100%1. 100% 100% 100% 100%
F 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
G 100%1. 100%1. 195.4% 195.4% 100% 100% 100% 100%
H 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
I 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
J 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
K 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
L 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
M 195.4% 195.4% 195.4% 195.4% 100% 100% 100% 100%
N 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
O 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
P 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
Q 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%
R 100% 1. 100%1. 100%1. 100%1. 100%  100% 100% 100%
S 100%1. 100%1. 100%1. 100% 
without C
100% 100% 100% 100%
T 100%1. 100%1. 100%1. 100%1. 100% 100% 100% 100%




































species 	 	 		f10 	 	 		f18 	 	 	f10 	 	 	f18 	 	 	f10      f18       f10        f18
A 100%1. 100%1. 100%1. 100%1. 100%1. 100%1. 195.4% 195.4%
B 100%1. 100%1. 100%1. 100%1. 100%1. 100%1. 195.4% 195.4%
C 100%1. 100%1. 100%1. 100%1. 100%1. 100%1. 100%1. 100%1.
















G 100%1. 100%1. 100%1. 100%1. 100%1. 100%1. 168.3% 168.3%














J 100%1. 100%1. 195.4% 195.4% 100%1. 100%1. 68.3% 
without O
168.3%




L 100%1. 100%1. 100%1. 100%1. 100%1. 100%1. 168.3% 95.4% 
without O














P 195.4% 168.3% 100%1. 100%1. 168.3% 95.4% 
without D
195.4% 168.3%
































































We	 can	 see	 in	 Table	 1,	 when	 the	 binary	 mask	 methodology	
uses	 the	 linear	 filter	 without	 high	 frequencies	 enhanced	 in	 the	
variance	 spectrum,	 the	 discrimination	 was	 at	 least	 of	 a	 level	 of	
confidence	of	95.4%	for	species	E	and	M	when	the	filters	f10	and	f18	
were	used.	For	the	other	species	the	confidence	level	was	100%.
Using	the	 linear	 filter	with	high	frequencies	enhanced	 in	the	
variance	 spectrum	 the	 results	 are	 not	 better.	 For	 example	 using	
the	filter	f10	the	discrimination	was	at	least	of	a	level	of	confidence	
of	95.4%	 for	 species	C,	G	and	M	and	at	 least	of	a	 level	of	 confi-	











ring	 mask	 (Fig.	 23),	 can	 be	 seen	 in	 the	 last	 four	 columns.	 For	 all	
the	 cases,	 without	 or	 with	 high	 frequencies	 enhanced,	 the	 con-	
fidence	 level	 was	 of	 100%.	 In	 other	 words,	 all	 the	 species	 could	
be	 recognized	 without	 mistakes.	 The	 best	 time	 computer	 for	 this	
case	is	for	the	nonlinear	filter	without	high	frequencies	enhanced	
in	 the	 variance	 spectrum	 being	 of	 0.126203	 secs	 per	 correlation	
and	using	the	average	filter	f10.
For	 the	second	algorithm	and	all	 its	variants	 (Fig.	26)	 the	 re-	
sults	are	presented	 in	Table	2.	Again,	 the	 first	 column	shows	 the	










f18	 the	worst	 scenario	 is	 for	 the	 case	N	and	P	 following	 the	 case	
D	with	95.4%	of	confidence	level.	The	other	cases	showed	a	100%	
of	 confidence	 level	 in	 the	 recognition	 of	 the	 species.	 When	 the	
average	 linear	 filter,	 f10,	 is	 used	 with	 high	 frequencies	 enhanced	
seven	 cases	 presented	 95.4%	 of	 confidence	 level	 only:	 J,	 K,	 N,	
Q,	 R,	 S	 and	 T.	 The	 worst	 scenarios	 were	 the	 cases	 H	 and	 U.	 The	
other	 cases	 showed	 100%	 of	 confidence	 level.	 For	 the	 average	
linear	filter	f18	the	same	result	was	found.
Showing	 the	 results	 of	 the	 last	 four	 columns	 of	 the	 Table	 2	
we	see	a	bad	scenario	 for	both	of	 the	cases	without	or	with	high	
frequencies	enhanced	and	for	both	of	the	filters	f10	and	f18.	In	sev-	
eral	 of	 the	 cases	 many	 of	 the	 species	 could	 not	 be	 recognized	
with	 this	 kind	 of	 methodology.	 The	 worst	 case	 was	 the	 average	
nonlinear	filter,	f18,	with	high	frequencies	enhanced	with	14	cases.	
f10	presented	12	bad	cases.




In	 this	 paper	 several	 methods	 are	 presented	 and	 compared	 in	









Each	 filter	 f10	 and	 f18	 of	 each	 species	 was	 correlated	 with	
the	 360	 images	 rotated	 of	 each	 species,	 	 deg.	 In	 other	
words,	 we	 worked	 with	 7560	 images	 (21	 times	 360)	 in	 each	 cor-
relation.	 Considering	 this	 number	 of	 images,	 the	 computer	 time	
used	 in	 the	 first	 method	 (Fig.	 23)	 with	 the	 nonlinear	 filter	 with-
out	 high	 frequencies	 enhanced	 was	 so	 short.	 Moreover	 the	
confidence	 level	 for	 this	 case	 was	 100%.	 The	 second	 best	 time	
was	 for	 the	 average	 filter	 f18	 where	 the	 difference	 is	 less	 than	
one	minute.
One	 of	 the	 advantages	 of	 these	 kinds	 of	 methodologies	 is	
that	 an	 entire	 process	 can	 be	 repeated	 in	 the	 same	 way	 without	







have	 a	 good	 performance	 when	 the	 diatoms	 images	 were	 ana-	
lyzed;	 however	 it	 had	 a	 very	 good	 performance	 when	 copepods	




linear	 filter	 with	 the	 high	 frequencies	 enhanced	 of	 the	 variance	
spectrum.
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